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A. Providing suitable catalyst system comprising 
metallocene-type catalyst capable of producing iso- 
tactic poly a-olefin; cocatalyst or catalyst activator; 
and. optionally catalyst system support; 

B. Activating suitable catalyst system by contacting 
with alkyi aluminum such that the activated catalyst 
system is used for polymerization: 

1 ) within a minimum of about two hours through 
about 72 hours of its activation for producing 
polymers of melt flow greater than about eight 
dg/min; 

or 

2) within about six hours through about four- 
teen days of its activation for producing poly- 
mers of melt flow equal to or less than about 
eight dg/min; 

C. Polymerizing suitable monomer, using activated 
catalyst system, to obtain desired isotactic potyole- 
fin;and 

D. S^arating desired Isotactic polyolefin. 
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Description 

Reid of the invention 

5 This invention relates to the use of metallocene molecules! in combination with appropriate cocatalyst. activator, 
agent for aging, or combinations thereof for the production of differentiated tacticity polymers, notably poly-a-olefins, 
particularly polypropylene. 

Background of the lnvention ^ - 

It Is known that various factors affect the catalytic ability of the various metallocenes, cocatalysts, activators, and 
comlanations available. We have found that the metallocene/activator combination, n6tat>ly with supported catalyst sys- 
tems, for isospecific polymer production benefits from unique pre-treatment leading to enhancement of catalyst activity 
We have noted, particularly, that the supported Isospecific catalyst which is capable of producing high melt flow prod- 
15. ucts, products greater than alx>ut 10 dg/min, will provide higher polymer productivity when it is used very soon after acti- 
vation with alky! aluminum; the shorter the digestion time, the higher the catalyst productivity as measured by polymer 
production. However, isospecific metallocenes which are capable of producing lower melt flow resins, those products 
less than about 10 dg/min, tend to retain their aclivrty for tonger periods after activation. We have also found that the 
type of activator affects the activity of the catalyst as well as its aging requirements. 
20 Catalyst productivity is of high interest to the producer of polymers. Sinriply put. the catalyst system is the most 
expensive raw material in the polymer production process; doubling the productivity of the catalyst effectively cuts th 
cost of that most expensive componertt in half. This is an enticing canot k>efbre any polymer producer. 

U.S. 5,393,851, issued to Ewen February 28, 1995^ describes addition of an oleaginous solvent based solution of 
alumoxane, aluminum, alkyl. or combinations of both to a previously-made concentrated stock solution of m tal- 
25 locene/alumoxane catalyst soEutipn to provide aluminum necessary to enhance the catalytic reaction and to optimize 
the aluminum to metal ratia < f 

U.S. 5.258.475. issued to Kissin November 2. 1993. describes addition of mixture of trimethylaluminum CTMA) and 
an organotin to precursors of metallocenes. Such addition accomplishes catalyst activation. It is particularly noted that 
such activation may be useful for up to about 100 hours prior to catalyst Introduction Into the polymerization medium. 
30 U.S. 5,241 .025, issued August 31 . 1993 to HIatky et al. describes a catalyst s^tem which comprises a Group lll-A 
(Group 13) element compound for improving the productivity of an olefin polymerization catalyst which is the reaction 
product of a Group IV-B (Group 4) transition metal and an ionic activator conpound which will irreversit}ly react with at 
least one ligahd contained in the Group IV-B metal compound. 

U.S. 5,153,157; issued October 6, 1992 to HIatky et al , describes the combination of metallocene catalysts and 
35 ionic activators. This combination provides an active catalyst system for polymerization of alpha-olefins. 

U.S. 5.145,819 issued Septemt>er 8, 1992 to Winter et al. describes 2-substituted disindenylmetallocenes (sic). 
' process for their preparation, and their use as catalysts in the polymerization of olefins. While this invention descrik)es 
the use of 2-substituted bisindenyl metallocenes with methylatumoxane cocatalyst together fbnming the catalyst sys- 
tem, for polymerization of olefins, no mention is made of activation of the catalyst system. No comment is made relative 
40 to timing of polymerization after formation of the catalyst system. 

U.S. 4,933:403 issued June 12, 1990 to Kamlnsky et al. describes a process for the preparation of qstically active 
polyolef ins. particularly isotactic polypropylene. This invention is exemplified by polymerization with optically active eth- 
ylene-bis-(4,5.6,7-tetrahydroindenyl)-zirconium dichlorkJe (metallocene) and trimethylalumoxane. 

vyo 961 41 51 . as published 1 7 May 1 996, describes a silica supported catalyst system for alpha-olef in polymeriza- 
45 tion of a zirconium metallocene; dibutylmagnesium. l-butanoL titanium tetrachloride and methylalumoxane. Use of 
such catalyst produces polyethylene with a bimodal molecular weight distribution. 

WO 9613530. as published 9 May 1996, describes a catalyst system for olefin polymerization providing a sup- 
ported mixed metallocene/non-metallocene catalyst. Such catalyst system provides broad molecular weight distribu- 
tions. ^ . . . ; ■ . \ "J '-^ ^ ' 

50 

" Summary of the invention 



Our invention provides, at least, high activity supported metellocene/alurnbxane catalyst system for production of 
isotactic poty-a-otefin. particularly Isotactic polypropylene (iPP). Also provided Is means of producing isotactic poly-a- 
55 olefin at high rates and means of using metallocene/alumoxane catelyst system useful for producing isotactic poly-a- 
olef in during the system's period of highest activity. 
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Brief Descripti n of the Drawings 

Figure 1 graphically displays isospedfic catalyst system productivity platted against aging or activation time, as 
beginning with introduction of aluminum alkyi into the catalyst system. 

5 

Detailed Description 

We provide embodiments of our invention in which metallocene\activator catalyst systems are treated to yield 
improved catalyst productivity. We also provide embodiments of our invention for production of isotactic polyolefin, 
10 espedaUy poly-a-olefin. particularly isotactic polypropylene (IPP), at notably high rates. 

An embodiment provides use of catal^ system comprising metallocene-type catalyst capable of producing isotac- 
tic poly a-olefin; cocatalyst or catalyst activator; and. optionally, catalyst system support; such system being activated 
by contact ¥wthalkyl aluminum; such that the activated catalyst system is used for polymerization: 

/5 A. within a mininaum of about two hours through about 72 hours of its activation for producing polymers of melt flow 
greater than about eight dg/min; 

r- ■ , or ^ - . 

i . B. within about six hours through about fourteen days of its activation for producirig polymers of melt flow equal to 

t or less than about eight dg/min. 

. Another embodiment provides^ process for polymerizing isotactic poly-a-olefin comprising the steps of: 

A. Providing suitable catalyst system comprising metallocene-type catalyst capable of producing isotactic poly a- 
olefin; cocatalyst or c^alyst activator; and, optionally, catalyst system support; 
25 B. Activating suitable catalyst system by contacting with alkyI aluminum such that the activated catalyst system is 
used for polymerization: 

> 1 ) within a minimum of about two hours through about 72 hours of its activation for producing polymers of meit 
flow greater than about eight dg/min; " - 

30 , , . , or . . - ^^ - ' ' • ■ 

2) within.about.six hours through about fourteen days of its activation for producing pol^^ 
; to or less than about eight dg/riiin; * ' ^ v v , , « 

C. Polymerizing suitable monomer; using activated catalyst system, to obtain desired isotactic polyolefin; and 
35 D. Separating desired isotactiapolyolef in. . 

A third embodiment provides process for polymerizing isotactic polypropylene conprising the steps of: 
A. Providingcatalyst system comprising: 

1) dimethylsilyl bis-2-.methyIindenyl zirconium dichloride and methylalunwocane, or 

2) dimethylsilyl bis-2-methyl,' 4rphenylindenyl zirconium dichloride and methylalumoxane, supported on parti- 
cles conrprisiog silica; ; ... 

45 B. Activating catalyst system by contacting with triisobutylaluminum; 

C. Isotacticall/ polymerizing propylene monomer using activated catalyst system wtthih, respectively according to 
- step A.: i r r . , . _ , 

1 ) a minimum of atK)ut two hours tiirough about 72 hours of its activation for producing polymers of melt flow 
so greater than atxiut eight dg/min; 

or .... 

2) within about six hours through about fourteen days of its activation for producing polymers of melt flow equal 
to or less than about eight dg/min; and . ' 

55 , D. Collecting desiredisotactic polypropylene. . 

While various factors affect the suitable use of catalyst capable of producing isotactic poly a-olefin. or polymeriza- 
tion of poly a-olefin particularly polypropylene, to prcjvide product in the desired melt flow ranges, we have found that 
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desired product will optimally be produced through use of terrperaitures in the range of about 50*'C through about 70**C, 
particularly in the range of about through about GS^'C, and especially at about 62*»C; and with hydrogen concen- 
tration in the range of about zero through about 0.1 mole%, particularly in the range of up to about 0.05 mole%, and 
especially within the range of about zero through about 0.015 mole%. Such conditions of temperature and concentra- 

5 tion are particularly ireful in liquid and bulk-phase polymerization systems but the principles of optimal use or produc- 
tion are transferatJie to other polymerization systems. , 

Numerous metallocene-type catalysts are now well known in the art. Some of them are exemplified by U.S. 
5.241.025; US. 5,153.157; U.S. 4,933.403; and U.S. 5.145.819. Useful metallocenes for this particular invention 
include those with a bridging group between the two mono or polyniiclear structures which include at least a cyclopen- 

10 tadienyl ring bonded to the metal of the catalyst molecule. Such bridges usefully provide stereorigidrty to the metal- 
locene molecule by preventing free rotation of the cyclopentadienyl rirtg-bearing structure. These bridging groups will 
preferatrty also serve to control the accessibility of the active polymerization site by 'opening or closing the angle 
between the two cyclopentadienyl-ring-beahng structures or ligands (Cp ligands). The bridge may also usefully block 
or open the area around the bridge itself by providing bulky or minimally-sized side groups pendant from the actual 

15 bridge. The bridges may usefully include between about one and aboiit four atonis making up the actual bridge struc- 
ture between the Cp ligands. Such bridges may ihdude carbon atoms which may be contributed by alkyi or alkyi n 
groups, as well as silicon atoms which may be contributed by sitytene. silyl, and other honrK>logous groups such as thos 
which are germanium- or even tin- containing. Various side groups" may be included with the bridging ligand serving to 
block, by bulky side groups, or open, by small side groups, the area near the actual bridging path. Useful such bridging 

20 groups include ethylene, silylene. silyl. germyl. and germylene. Particularly usbful bridges are found in the RR*Si group 
in which R and R' may be the same or different and eithier may be (Dhenyl, propyl, ethyl, methyl, or combinations thereof. 
In light of availability as well as excellent functioning, the dimethylsiiyi group has been found to be notably beneficial. 

In propagating isotactic polyolef ins. it is useful to provide a substituent pendant from the 2- position of the cycl p n- 
tadienyl ring-containing ligarid (Cp ligand). 2-alkyl substitutions oh the cyclopentadienyl rings usefully assist isotactic 

25 propagation of the po!y-a-olefins. Such substituent may t)e small or bulky and particularly may be straight, branched, 
substituted alkyi groups, or their combinations, cycloakyi groups, or aryl groups including phenyl and tolyl. Particularly 
useful substituents at this position for the practice of this invention are t-butyl, isopropyl. ethyl, and methyl radicals. 
Based on experience and in light of availability, the 2-methyl' substituted indenyl Is notatrfy useful: 

Further useful species of substituted bis-indenyl metallocenes incjude those which are substituted at the 2- and 4- 

30 positions. Substituents at the 2- position remain as previously dek;ribed while those at the 4- position are bulky alkyi 
groups and aromatic radicals including phenyl, tolyl. other phenyl-derived groups, naphthyl, flubrenyl. and their combi- 
nations. Based on experience and availability, particularly useful results are available with the 2-methyl, 4-phenyl inde- 
nyl metallocenes. 

Useful metals to sen^e as the centr'al coordination point and provide the active polymerization site for the metal- 

35. locene molecule are those in Groups 3, 4, and 5 of t^le Periodic Table of the Elemerrts. Choice of the metal atom will 
require consideration of the atom size, it may be possble, for example that a larger diameter metal atom will provide 
easier or more open acceiss to'the active polymerization site while a smaller diameter metal atom may be less active, it 
may provide a lower error ratei in producing isotactic polymer, those metals found in group 4, particularly zirconium, are 
notably useful in the practice of this invention. . 

40 Within the discussion of our invention, the metatlocene chlorides, generally the dichlorides will be discussed and 
exemplified. It is to be understood that other halogenated nietallocenes as well as alkylated sp€»cies are also perfectly 
functional in the practice of our invention and they are considered as effectively equivalent to the chlorides. For exam- 
ple, metallocene dibromides and the alkylated homologues such as dimethyl and diethyl metallocenes will find b nefi- 
cial use in the practice of bur invention. 

45 The cocatalyst or activator portion of the catalyst system may be a bulky labile ionic activator which may be irre- 
versibly reacted with catalyst, alumoxane. or combinations thereof. Many of these activators are now well-known in tii 
art and some are described in U.S. 5,241,025 and U.S. 5.153.157. or alumoxane. A particulariy useful activator or 
cocatalyst for the practice of this Invention is methylalumoxane but others including etiiylalumoxane arxJ isobutylalu- 
moxane, their combinations, or theii' combinations with methylalunrioxane may be lised. 

50 For the practice of this invention, the catai^ systeni may be optionally Supported. Generally such supported cat- 
alyst systems are preferred since tiiey are more easily handled. Usefully the support will be inert in the polymerization 
reaction, will have large effective surface area, and will hold the catalyst system, or at least one component thereof, to 
its surface. Numerous such supports are now well-known in the art including zirconia. alumina, silica, frtania, maleic 
anhydride grafted polypropylene, starch, and other polymer such as p-hydroxypolystyrene, as well as their combina- 

55 tions. A notably useful support in tiie practice of this invention is silica 

Aikyl aluminums, or aluminum alkyls. provide catalyst system activation prior to use of the system. Useful system 
activators include trimethylaluminum (TMA). triiethylaluminum {TEAl), dia|kyl aluminum halides including dietiiyl alumi- 
rium chloride or bromide or dimethyl alurninum chloride or bromiderarKi others. Particularly useful in the practice of this 
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invention is tri-isobutylaluminum (TiBAI), and tri-n-octyl aluminum (TNOAI) for use with Me2Si(2-Me-lnd)22rCl2 and 
TiBAI, TNOAI, and TEA) for Me2Si(2-Me-. 4-Ph-, Ind)22ra2: 

Examples ^ > — , , . , , 

Metallocene/activator or cocatalyst catalyst systems for this series of experiments were produced and supported 
by providing 40 g silica which- were -transferred into a three-neck 1.0 I round-bottom flask under dry nitrogen purge. 
Some useful silica-based supporting media nriay be selected from P-10, Q-10, G-6, silica-trtania and silica-alumina as 
available from Ftgi-sylisia as v^eW as H-121 and H-31 as available from Asahi Glass. Preferably the support used will 

70 have small and uniform particle sizes with high effective surface area and high pore volume. For examples 1 - 6, G-6 
was used as the supportiriig medium, while P-10 silica was used as the supporting medium for examples 7-11. Some 
results have been seen in our experimentation suggesting that the ratio of.co-catatyst/activator to silica affects final cat- 
alytic activity. Our work denx|nstrates thai .the.trends regarding agingrtime sensitivity are similar with catalysts of this 
, type and varying support media. The greatest possible catalytic activity, however, may not necessarily be attained in the 

15 absence of determination of the best co;-catalyst/support ratio. In these cases this will be the MAO/silica-based support 
ratio whose, optimum may or ray not have been fully determined for each of the support media used in our experimen- 
tal evaluaticins. . ■ 

The flask was equippecj with a reflux condenser capped with a gas inlet adapter, a 125 ml pressure-equalized addi- 
tion funnel capped with a rubber septum, and the last neck was capped with a rubber septum. The silica-based support 
20 was slurried in 250 ml toluene; at room temperature. 135.2 ml of a 30% methylalumoxane (MAO) solution in tolu ne at 
room temperature was slowly Introduced Into the flask. The resulting reaction is exothermic and releases methane as 
a by-product. The reaction mixture was then stin'ed.at reflux for four hours under dry argon. After four hours, the reflux 
and stirring was, stopped and the contents of the flask were allowed to settle while cooling to room temperature. The 
supernatant v/as removed and the slurry was washed four times with 100 ml afiquots of toluene at room temperatur . 
. 25 The resulting solid was dried at TO^G under vacuum for three hours. The MAOfeupport was recovered as an off-white 
free-flowing solid. . . „ 

About 50 ml dry toluene was added to 5.0 g of tiie MAO/suppprt in a-500 ml single-neck, side-arm, round-bottomed 
flask and thie mixture was stinred atTopm temperature. A total loading of. isospecific metallocene. dimethylsiIylbls-2- 
. methylindenyl zirqohiurh dichloride recognized as being useful for producing Isptactic polypropylene (IPP) with reason- 
30 able molecular weights. sdid was slurried in toluene an^ 

The mixture was stirred at room temperature for one hour under argon. The reaction mixture was left to settle at room 
temperature for^f ifteen minutes at which time the supernatant was removed. The solids were dried at room temperature • 
under vacuum for one hour. 

A master batch slurry of 180 mg of the supported metallocene, 8,3 ml mineral oil and 1 .7 ml of 25% triisobutylalu- 
35 mihum (TiBAI) in hexanes was prepared at room terrperature (about 25*'C). This master batch was then aged at room 
temperature for varying periods of time prior to each polymerization. A 1 .0 ml aliquot of the master slun^y was used for 
each polymerization of botactic. (Miy-a-olef in polymerization. Polymeriz^ions were conducted in a 2.0 liter laboratory- 
scale autoclave (Zipperclave) liquid-phase stainless-steel batch reactor.- The reactor was clean, dry, and had been thor- 
oughly purged with dry nitrogen. The autoclave was then charged with 1 ,4 liters of liquid propylene and 1 6 mmoles of 
40 gaseous hydrogen. A ?6 mg portion of catalyst and 77 mg of TEAL;were mixed in 1 nrl mineral oil and placed in a stain- 
less steel 100 mj bomb. The mineral oil slurry was precontacted with a small amount of dry propylene at room temper- 
ature for approximately five seconds to allow some prepolymerization prior to charging into the reactor. The mixture was 
. then heated to 60°C, stirred at approximately 1000 rpm, and maintained for 60 rninutes. At the end of this time polym- 
erization was terminated by rapidly venting the reactor of unreacted monomer. The resulting polymer was then s pa- 
45 rated followed by beirig dried at SO^C. - 

Examples 1-6 - - 

For this serijes of polymerizations, tiie niasler batch was aged for twelve minutes, two and one-half hours, six hours. 
so fifteen and bne-half hours, ^twenty-six hours, arKl forty-eight hours, respectively, prior to each polymerization run. 

Aging time begins upon^ introduction of TiBAI in mineral oil into the sipported catalyst system sluny. The results of 
this series are presented in Table 1 below. . . . , 



Table 1 



Example # 


1 


2 


- 3 


4 . 


5 


6 


Catalyst System Aging (hrs) 


0.2 


2.5 


6:o 


15.5 


26.0. 


48.0 



5 
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Table 1 (contirued) 



Exarrple # 


1 


2 


3 


4 


5 


6 


Productivity (g/g/hr) 


6570; 


6570. 


.4640 


.4610 


2890 


2180 



5 ...... 

In this series of experiments it is dear that the time lag between activation of the catalyst system with the alkyi alu- 
minum and use of the catalyst system Is critical to gaining advantage of the catalyst productivity for the isospecific cat- 
alyst. In the case of this isospecific catalyst system, that time period should.be as short as possible, but clearly there is 
not remarkable deterioration in activity before the expiration of two hours. Also, it may be noted that reasonatde, com- 

w mercially acceptable activity levels remain until about six hours post*activation. We have noted a similar criticality of th 
post-activation, or digestion, time, yet with the opposite effect for the syndiospecific catalyst systems. With syndiosp - 
cif ic systems, an apparent need for longer digestion, or aging, is necessary to gain benefit in productivity of the catalyst 
system. This effect is described in copending application, USSN 08/503763, as filed 18 July 1995. 

The effect of the choice of agent for activation or digestion was tested by using the same master batch, supported 

15 on P-lO, and activating with TiBAI, TEAL, and TNOAI. Data obtained in this study are presented below in Table 2. 



Table 2 



Example # 


7 


8 


9 


10 


11 


Catalyst System Aging (days) . 


■0- 




. .V.2 


4 


6 


Productivity TiBAI aging (g/g/hr) 


8,100 


13.500 


13.500 


8,900 


6,250 


Productivity TEA! aging (g/g/hr) 


8.000 


2.200 








Productivity TNOAI aging (g/g/hr) 


8.050 


8.156 


7.500 







Firom these data, it is apparent that TiBAI is a useful agent for activation for the isospecific catalysts and it functions 
well during the period in which its aged catalyst is functional, but it creates a atuaticn in which the activity peaks quickly 

30 and drops off rapidly in a dramatic fashion. In contrast, JEM attains a fair activity level quickly bat drops off precipitously 
extremely rapidly. A more stable aged or digested catalyst system may be obtained using TNOAI as the agent for diges- 
tion. It is apparent that it reaches a fair activity level quickly and maintains it well for an extended period. While the 
TNOAI activated catalyst system will not be as active as those activated with TiBAI, they will not be as dramatically time- 
sensitive, r . • 

35 A set of experiments, parallel to Examples 1 - 6, were run using the isospecific catalyst dimethylsilyl bis-2-melhyl, 
4-phenyOndenyl zirconium dichloride, known for producing high molecule weight isotactic poly-a-olefin. The master 
batch was prepaired in a fashion similar to that described in the catalyst prepiaration section prior to the previous exam- 
ples. For this master batch, the M62Si(2-Me- 4-Ph-lnd)22rCl2 metallocene was supported on P-10 from Fuji-sylisia. Ihe 
agent for aaivation or aging was. again, T\BA\. Results of the aging study are presented below in Table 3. 

40 



Tables 



Exanrple # 


12 


13 




15 


16 


Catalyst System Aging (days) 
Productivity (g/g/hr) 


-0- 
11.050 


1 

15.800 


2 

15.500 


4 

16,950 


6 

17,150 



From these data it is apparent that, in contrast to the aging or activation of the tower moleculsir weight-producing cata- 
50 lyst system, the hi^ molecular weight-producing system will reach a reasonable activity level and maintain that high 
level over time with TiBAI as the agent for digestion or ripening. Again, TiBAI is demonstrated as a good agent for acti- 
vation over the time in which it is functional with the isospecific catalyst systOTis; it does however, have a better retention 
of activity level over time with the high MW-producing systems, those ismploying 2- anci 4- substituted indenyl ligands. 
These examples are provided for assistance in understanding this invention and the way in which it works. They are 
55 not intended, in any fashion, to limit the invention but are. sinrply illustrative. Those skilled in the art will recognize, from 
these representative examples and the entirety of this description, modifications which have not been specifically men- 
tioned but which are intended to be included within this invention as dairnedbebw.' 
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1 . Use of catalyst system comprising metallocene-type catalyst capable of producing isotactic poly a-oiefin; cocata- 
lyst or catalyst activator: and, optionally, catalyst system support; such system being activated by contact with alkyi 
aluminum'; such that the acti\4ted catalyst system is used for polymerization: 

A. within a minimum of about two hours through about 72 hours of its activation for producing polymers of melt 
flow greater than about eight dg/min; 

B. within about six hours through about fourteen days of its activationfor producing polymers of melt flow equal 
. , . to or less than about eight dg/mia-. 

2. > Process for polymerizing isotactic poly-a-olefin comprising the steps of: 

, A. Providing suitabite catalyst system conrprising metallocene-type catalyst capable of producing isotactic poly 
a-olefin; cocatalyst or catalyst activator; and, optionally, catalyst system support; 

B. Activating suitable catalyst system by contacting with alKyl aluminum such that the activated catalyst syst m 
is used for polymerization: 

1) within a niinimum of.about two.hours through about 72 hours of its activation for producing polymers of 
melt flow greater than atxxjt eight dg/min; 

• or . \ 

2) within about six hours through about fourtisen days of its activation for producing polymers of melt flow 
equal to or less' than about eight dg/min; 

C. Polymerizing suitable monomer, using activated catalyst system, to obtain desired isotactic polyolefin; and 

D. Separating desired Isotactic polyolefin. 

3- Process for polymerizing isotactic polypropylene comprising the steps of; ^ 
A. Providing cataiyst system comprising: - , ^ 

1 ) dimethylsilyl,bis-2-methyyndenyl zirconium dichloride and methylalumoxane^ or 

2) dimethylsilyl bis-2-methyl, 4-phenylindenyl zirconium dichloride and methylalumoxane, supported on 
particles cortiprising silica; ~ , , 

, B. Activatirig catalyst system by contacting with friisobutylaiuminum; 
C. Isotactically potymerizing propylene monomer using activated catalyst system within, respectively according 
to step A.: , 

1) a mininujm of at^ut two hours through about 72 hours of its activation for producing polymers of melt 
flow greater than about eight dg/min; 

or ; - • • " • • - 

2) within about six hours through about fourteen days of its activation for producing polymers of melt flow 
equal to or less tiian about eight dg/min; and 

. D. Collecting desired isotactic polypropylene. . 

4. Useof catalyst system aax>rding to c^im 1 wherein: . \ 

A. nr^etallpcene-type catalyst has bridging group tsetween cyclopentadienyl ring-bearing ligands; substituent 
group pendant to the carbon at the 2- position of both .cyclopentadienyl.ring-bearing ligands, substituent group 
pencknt to th§ cartoon at the 4- position of both.cyclopentadienyl ring-bearing Ijgands. or combinations tiiereof ; 
and Group 4 nr)etal atom borxled to l:x}th cydopemadienyl rin^ 

B. co-catal^ , is present and is alumoxane. 

5. Use of catalyst system according to daim 4, wherein: . 
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A. bridging group comprises silicon; and 2- position substituent has between one and about five carbon atorm. 
4- position sut>stituent is aromatic and has between about five and about ten carbon atoms, or combinations 
thereof; 

B. alumoxane is selected from trimethylalumoxane. triethylalumoxane. or combinations thereof; and 

C. use temperature is within the range of about 50**G through about 70*»C and hydrogen concentration is within 
the range of about zero through about 0. 1 mole%, - 

6. Useofcatalystsystem according to claim 5. wherein: 

A. bridging group is dimethyl silyl; 2- position substituent is methyl. 4- position substituent Is phenyl, or combi- 
nations thereof ; and Group 4 metal is zirconium; . . . V r 

B. alumoxane is trimethylalumoxane: and . 

C. catalyst system support is present 

Use of catalyst system, according to claim 6, wherein use for polymerization occurs within about two hours of acti- 
vation for methyl only substituted species or within about 6 to about 1 2 hours for species with phenyl substituton at 
the 4- position. 

Use of catalyst system according to claim 7, wherein catalyst system activation is accomplished with triisobutylalu- 
20 minum. . 



9. Process of claim 2 wherein metallocene-type catalyst has bridging group between cyclopentadienyl ring-bearing 
ligands; substituent group pendant to the carbon at the 2- position of both cyclopentadienyl ring-bearing ligands. 
substituent group pendant to the 4- position of both cyclopentadienyl ring-bearing ligands. or combinations thereof; 

25 and Group 4 metal atom bonded to both cyclopentadienyl ring-bearing ligands. cootalyst is present and is alu- 
moxane. and reaction temperature is within the range of about 50<»C through about 70°C and hydrogen concentra- 
tion is within the range of atKHJt zero through atiout 0. 1 mole%. 

10. Process of daim 9 wherein: 

30 

A. bridging group comprises silicon, and 2- position substituent has between one and about five carbon atoms, 
4- position substituent is aromatic and has between about five and about ten carbon atoms; and 

B, alumoxarte is selected from trimethylalumoxane, triethylalumoxane, or combinations thereof. 

35 11. Process of daim 10 wherein: 



A. catalyst system support is present; 

B. alkyi aluminum used tor activation is selected from trimethyl aluminum, triethyl aluminum, dimethyl alumi- 
num halide. diethyl aluminum halide. triisobutyl aluminum, diisobutyl aluminum halide, or combinations thereof 

40 ;and 

C. polymerization method is selected from gas phase, liquid phase, bulk phase, or high pressure polymeriza- 
tion. 

12. Process of claim 11 wherein bridging group comprises silicon; and 2- position substituent has between one and 
45 about five carbon atoms. 4-position substituent if present has about six carbons providing its aromatic structure, or 

conrtbinations thereof. 

13. Process of daim 12 wherein: 



A. Bridging group is dimethyl silyl. 2-position substituent is methyl. 4- position substituent is phenyl. Group 4 
metal is zirconium, and alumoxane is trimethylalumoxane; and 

B. Catalyst system activation is acconrpfished with triisobutylaluminum. 

C. Polymerization occurs within about two hours of catalyst system activation for 2-substituted catalysts or 
within about six to about fourteen hours with 2-. 4- substituted catalyst. 

1. Process of daim 13 wherein suitable monomer is propylene, and desired pdymer is isotactic polypropylene. 

Process of claim 3 wher in polymerization method is selected from: gas phase, liquid phase, bulk phase, or high 
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16. Process of dalm 15 wherein polymerization occurs within about two hours of catalyst system activation. 

5 17. Process of claim 3 wherein polymiarization temperature is within the range of about 50*C through atx)ut 70°C and 
hydrogen concentration is within this range df about zero through about 0.1 mole%. 

18. Use of catalyst system according to dalm 7 wherein use temperature is In the range of about 55*C through about 
65**C, and hydrogen concentration is in the range of about zero through about 0.05 moie%. 

^0 , . . .. 

19. Use of catalyst system according to claim 18 wher^n use temperature is about 62*»C, and hydrogen concentration 
is In the range of about zero through about 0:01 5 nTole%. 

20. Process of daim 12 wherein polymerization temperature is within the range of about 50*C through about 70**C and 
. 15 hydrogen; concentration is within the range of about zero through about 0.1 mde%. 

21 . Process of daim 20 wherein potynrerization temperature is within the range of about 55°C through about 65**C and 
hydrogen concentration is within the range of about zero through akx)ut 0.05 mole%. 

20 22. Process of claim 21 wherein polymerization temperature Is about 62**C and hydrogen concentration is within th 
range of about zero through about 0.015 mol6%. 

23. Process of claim 15 wherein polymerization temperature is about 62*C and hydrogen concentration is within th 
range of about zero through about 0.015 mole%. 

25 , ' ' . • . 
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